Direct biochemical evidence for the existence of mutations in five of the RNA segments of the A/Leningrad/134/57 cold-adapted 47th passage mutant as compared with its wild-type progenitor has been obtained using two techniques. T~ oligonucleotide mapping of total viral RNA as well as of individual RNA segments revealed changes in RNAs 4, 5 and 6. Analysis of SI nuclease-treated RNA RNA hybrids on polyacrylamide gels revealed changes in at least one of the polymerase genes as well as in RNAs 4, 5, 6 and 7. These findings provide a direct demonstration for the existence of multiple mutations in the cold-adapted mutant vaccine strain.
INTRODUCTION
Cold-adapted (ca) and temperature-sensitive (ts) mutants have recently been evaluated as gene donors for the production of live influenza vaccine strains by reassortment with wild-type (wt) influenza virus isolates. Human volunteer studies conducted in the U.S.A. and the U.S.S.R. have demonstrated that ca recombinants can be prepared that are attenuated, immunogenic and stable with regard to certain laboratory markers when administered to young adults Hrabar et al., 1977; Polezhaev et al., 1978; Alexandrova et al., 1979; Murphy et at., 1979 Murphy et at., , 1980 Murphy et at., , 1981 Murphy et at., , 1982 Ghendon et al., 1981; Kendal et al., 1981; Clements et al., 1984) .
Continuing research now includes, among other objectives, development of live vaccine strains suitable for use in children. To this end, the A/Leningrad/134/57 (H2N2) virus which had been cold-adapted by 17 laboratory passages in chick embryos (and since 1977 has been used as a gene donor for vaccine strains widely used in mass immunization of healthy adults in the U.S.S.R.) has been passaged an additional 30 times in the laboratory to obtain a more highly attenuated virus (Alexandrova et al., 1979; Kendal et al., 1981; Ghendon et al., 1981) . This virus, A/Leningrad/134/47/57, has thus undergone a total of 47 laboratory passages at 25 °C. Recombinant H1N 1 and H3N2 vaccines made with this donor parent were areactogenic and immunogenic when administered to children 3 to 5 years of age . Recombination experiments with fowl plague virus indicate that it is likely that there are ts lesions in genes 1, 2, 5, 7 and 8 of the A/Leningrad/134/47/57 virus (Lisovskaya et al., 1981 ; Ghendon et al., 1984) . However, recombination and complementation experiments can yield results that are misleading because of intracistronic complementation, leak, suppression, reversion of mutations, or incompatibility of proteins in the two parents (Thierry & Spring, 1981) . Therefore, in this study, we have used direct biochemical techniques to compare this highly attenuated A/Leningrad/134/47/57 (H2N2) virus with the wt virus from which it was derived. Such data can provide additional markers to study the genetic composition and stability of paediatric candidate vaccine strains. Alexandrova et al., 1984) . To control further the genetic stability of the ca virus, it has now been passaged at low temperatures a total of 80 times, resulting in a virus designated A/Leningrad/134/80/57 (G. I. Alexandrova, unpublished results). Viruses were passed once or twice in the allantoic cavity of 10-day-old embryonated eggs at 34 °C before the preparation of RNA for oligonucleotide mapping or RNA-RNA hybridization studies.
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T~ oligonucleotide mapping. Procedures for virus purification, RNA extraction, and oligonucleotide mapping have been described previously (Cox & Kendal, 1984) .
RNA-RNA hybrid analysis. Procedures for hybridization of labelled viral complementary RNA (cRNA) with unlabelled virion RNA (vRNA) followed by treatment of double-stranded complexes with nuclease St and electrophoresis on polyacrylamide gels have been described in detail elsewhere (Hay et al., 1977a, b; Ghendon et al., 1979 . Gels were prepared for fluorographic exposure as described by Bonner & Laskey (1976) . The T 1 map of total vRNA of the 17th passage ca virus, A/Leningrad/134/17/57 (Fig. 2b ) was also examined and found to have a single oligonucleotide difference (oligonucleotide D) from that of the 47th passage ca virus (Fig. 2c) . Likewise, the total vRNA of a ca virus derived by passage a total of 80 times was found to differ by a single oligonucleotide (Fig. 2d , oligonucleotide E) from that of the 47th passage virus.
In order to assign the oligonucleotide changes to individual genes, oligonucleotide maps of the isolated RNA segments from the A/Leningrad/134/57 wt and 47th passage ca viruses were compared. These individual RNA segments were obtained by polyacrylamide gel electrophoresis in 2-8~ acrylamide, 0.14~ bisacrylamide gels containing 0-59/00 agarose and 6 M-urea, and buffered with Tris acetate pH 7.8. RNA segments located by staining with 2 gg/ml ethidium bromide were eluted from gel fragments by soaking overnight at 37 °C in buffer containing 0.5 M-ammonium acetate, 0.01 M-magnesium acetate, 0-1 mM-EDTA, 0.1 ~ SDS. T1 oligonucleotide maps of the individual RNA segments were prepared as described above.
RNAs 4, 5 and 6 of the ca virus each exhibited oligonucleotide differences from the corresponding wt RNA segments. RNA 4, the haemagglutinin gene of the ca A/Leningrad/134/47/57 virus exhibited one additional spot (B) and one missing spot (A) (Fig. 1 e, d ). The neuraminidase and nucleoprotein genes, RNAs 5 and 6, respectively, of the ca virus each had an additional spot (spots C and D in Fig. 1 e,J; g, h) . No oligonucleotide changes were observed in the polymerase genes, the matrix protein gene or the non-structural protein gene (data not shown). RNAs 1 and 2 were examined together since resolution on the 2.8~ gel was not complete. Oligonucleotide maps of the total vRNA and individual RNA segments of the A/Leningrad/134/57 wt and A/Leningrad/134/47/57 ca viruses were compared so that individual oligonucleotide spots could be assigned to RNA segments 4, 5 and 6. A composite diagram showing this assignment is presented in Fig. 3 , where oligonucleotides A, B, C and D are assigned to RNA segments 4, 4, 5 and 6, respectively.
Analysis of R N A -R N A hybrids
T1 oligonucleotide mapping provided evidence for mutations in only three of the eight genes of the ca A/Leningrad/134/47/57 virus. Therefore, we analysed $1 nuclease-treated homologous and heterologous R N A -R N A hybrids by polyacrylamide gel electrophoresis to look for additional evidence of mutation. For this analysis, labelled cRNA of each of the two strains was hybridized with the vRNA of each strain and the hybrid treated with $1 nuclease and examined on a 7.5~ polyacrylamide, 5 M-urea gel. If complete homology of vRNA and cRNA exists between a pair of viruses, the double-stranded hybrids will have an electrophoretic mobility identical to that of the homologous hybrid. However, if homology is not complete, there may be a shift in the electrophoretic mobility of the double-stranded RNA or even a disappearance of the band altogether. Fig. 4 shows changed electrophoretic mobilities for at least one polymerase gene as well as Oligonucleotides outlined by broken lines indicate presence in the ca virus only while solid lines indicate presence in both viruses except for oligonucleotide A which is present only in the wt. Numbers on oligonucleotide spots indicate assignment to RNAs 4, 5 or 6.
DISCUSSION
It is known that influenza viruses are quite stable during standard passage in embryonated eggs at low dilution (Brand & Palese, 1980 ). However, passage at limit dilution or under selective pressure (such as suboptimal temperature) may select for changes detectable by oligonucleotide mapping (Brand & Palese, 1980; Cox et al., 1981) , results which support the view that RNA viral genomes can evolve rapidly due to high mutation frequencies (Holland et al., 1982) .
In other studies where attenuated live virus vaccine strains have been compared to their parental wt strains by oligonucleotide mapping procedures, differences have been observed for the ca influenza strain A/Ann Arbor/6/60 , the yellow fever vaccine strains 17DD and 17D-204 (Monath et al., 1983) , and poliovirus type 1 vaccine strain (Nottay et al., 1980) . In each of these cases, an estimate of greater than 99~ base sequence homology between the wt and the attenuated vaccine strain has been made.
Since the A/Leningrad/134/47/57 ca virus was derived by passage of the wt virus 47 times in eggs at 25 °C for 4 or 5 days, it might be expected that mutations could have occurred in several or all genes as has been demonstrated for the ca A/Ann Arbor/6/60 mutant virus (Cox et al., 1981 and our unpublished data) . It would be expected that these mutations might be of two types, either spontaneous mutations having no functional significance or functional mutations, the selection of which would be influenced by the interaction of genes and gene products during replication. In order to broaden our understanding of the molecular basis for the properties of the ca virus, we have used direct biochemical analysis to detect the mutations that were acquired during cold adaptation.
The comparisons ofT1 oligonucleotide maps and of electrophoretic mobilities of RNA-RNA hybrids described here have detected mutations in five of the eight genes of the A/Leningrad/134/47/57 virus. We do not know which of these mutations cause amino acid changes or which of these mutations, if any, are responsible for attenuation. However, clinical studies with ca reassortant vaccines suggest that recombinants that possess five or six non- 
